Serum resistance of Yersinia enterocolitica after growth at 37 and 25°C appears to be specific for serogroup 0:3 and appears to be expressed even in the absence of other phenotypic virulence-associated markers, such as the presence of V antigen, autoagglutination, and calcium dependency after growth at 37°C.
The clinical manifestations of Yersinia enterocolitica infections (e.g., gastroenteritis, mesenteric lymphadenitis, terminal ileitis, and septicemia) have long been related to the nature of the host response. Microbiologically, however, virulence of Y. enterocolitica has been a function of the serogroup and biotype of the infecting strain (8) , the presence of the VW antigen complex (1), and plasmids which have been correlated with the expression of in vivo and in vitro virulence factors (2, 5, 7, 10, 11).
The major in vivo models for determining virulence have involved lethality for laboratory animals upon intraperitoneal and oral administration (1, 2) and keratoconjunctivitis (9) upon the instillation into the eyes of guinea pigs. In vitro tests have included HeLa cell invasiveness (infectivity) (8) , autoagglutination (5) , and calcium dependency for growth at 37°C (3). The latter two characteristics have been found in association with the presence of the VW antigen complex (1, 2). Recently, Pai and DeStephano (6) have shown that serum resistance is also associated with virulence in Y. enterocolitica and that, analagous to the other virulence markers (e.g., calcium dependency, autoagglutination, and production of V and W antigens), serum resistance is a temperature-dependent phenomenon expressed by cells after growth at 37 but not at 25C. Pai and DeStephano (6) have shown that serum resistance is only demonstrated among strains that are virulent for rabbits and mice and that manifest calcium dependency and autoagglutination at 37°C. Isogenic mutants lacking these virulence markers are susceptible to serum bactericidal activity even after growth at 37°C.
While studying the virulence factors associated with 22 recent human isolates of Y. enteroco-litica, we encountered 11 strains which lacked the virulence-associated properties of calcium dependency and autoagglutination but were nevertheless serum resistant.
The 22 Y. enterocolitica strains studied, derived from patients residing within a 25-mile radius of New York City, were characterized through standard methods and were serogrouped through the courtesy of S. Toma, Ministry of Health, Toronto, Canada. Four of the earlier isolates from serogroups 0:3, 0:5,27, 0:8, and 0:9 served as antigens for serological studies and were considered stock strains, having been subcultured to Trypticase soy agar containing 5% sheep blood (BBL Microbiology Systems, Cockeysville, Md.) at weekly intervals at 25°C since 1978. The more recent strains had undergone a maximum of three or four subcultures on sheep blood agar at 25°C before testing. In addition to Y. enterocolitica, one strain of Y. intermedia was also included.
As shown in Table 1 , 11 Y. enterocolitica isolates that autoagglutinated at 37°C and showed a requirement for calcium as evidenced by a failure to grow on magnesium oxalate agar (MOX) at 37°C (2, 3) were serum resistant after growth at 37°C as determined by the method of Pai and DeStephano (6) . None of these strains, comprising serogroups 0:3, 0:5,27, and 0:8, showed a significant decrease in colony-forming units (CFU) after exposure for 2 h of 107 cells per ml to 10% (vol/vol) pooled human serum in Hanks balanced salt solution with 0.1% gelatin. Counts of viable organisms in these instances were equivalent to those obtained in the absence of serum. These strains also retained autoagglutination and calcium dependency during the 2 h of serum exposure. Serum resistance among the eight serogroup 0:3 isolates, in contrast to the results of Pai and DeStephano (6) with their serogroup 0:3 isolate, was even manifested after growth of these test strains at 25°C. In addition, The results of our study indicate that temperature-related serum resistance of Y. enterocolitica may well be expressed in the absence of other virulence markers associated with the presence of a plasmid species (2, 7). Our serogroup 0:3 isolates which expressed calcium dependency and autoagglutination resisted serum bactericidal activity irrespective of growth temperature before testing. This was true even of two isogenic mutants cured of their 41-Mdal plasmid, which are known to be associated at 37°C with calcium dependency, autoagglutination, and the synthesis of the VW antigen complex. The two serogroup 0:8 isolates (numbers 13 and 8) and the 0:5,27 isolate (number 14) did show the temperature-related serum bactericidal effect which correlated with autoagglutination and calcium dependency. It was found, however, that Y. enterocolitica isolates of pathogenic serogroups (0:3, 0:8, 0:5,27, 0:9) which were negative for autoagglutination, calcium dependency, mouse virulence (0:3, 0:5,27, 0:8), and V antigen, and which therefore were regarded as avirulent, also expressed serum resistance after growth at 37°C. This finding supports the concept that serum resistance is an independent marker. It may be that this feature is encoded by a plasmid distinct from the 41-Mdal plasmid which is associated with the phenotypic expression at 37°C of autoagglutination, calcium dependency, mouse virulence (0:8), and the VW antigen complex. Our data for the two isogenic mutants of serogroup 0:3, which lack the 41-Mdal plasmid, and the serum resistance of the 11 Y. enterocolitica strains that lack the virulence markers associated with the 41-Mdal plasmid corroborate the role for a separate entity accounting for serum resistance. Recently, Kay and colleagues (4) have described a heretofore undetected 82-Mdal plasmid associated with Y. enterocolitica mouse virulence. Perhaps a similar or different determinant may account for serum resistance in Y. enterocolitica by coding for another capsular antigen distinct from VW.
